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Abstract 

The invertebrate fauna associated with the tropical misdetoe Decaisnina signata 

(Loranthaceae) parasitising a range of host trees was surveyed during the late dry- 

season (September-October) in suburban areas of Darwin, Northern Territory, a 

landscape which comprises extensive patches of natural vegetation within the urban 

matrix. A total of 113 species of insects and spiders representing 51 families and 12 

orders was recovered from 38 samples. The estimated total species richness, however, 

suggests another 116 species are likely to occur on the misdetoe according to the 

incidence-based coverage estimator (ICE). Hymenoptera (especially Formicidae), 

Hemiptera (particularly Miridae), Araneae and Lepidoptera were the most dominant 

groups in our samples in terms of both species richness and relative abundance 

(measured as % site occupancy). Thysanoptera, Coleoptera and Psocoptera wrere also 

comparatively diverse but were substantially less abundant. Overall species and family 

richness w^ere both positively correlated with misdetoe biomass, but the composition 

and taxonomic richness of invertebrates associated with mistletoes parasitising 

different host genera (Planchonia vs. A Is ton id) or host species (Alstonia scholaris vs. 

A. actinophylla) were not significantly different. Our findings are in broad agreement 

with limited previous studies elsewhere that indicate mistletoes support a wide range 

of invertebrates, some of which are obligate specialists. We hypothesize that 

mistletoes support a unique assemblage of invertebrates that is independent of the 

host tree. 
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Introduction 

Mistletoes are a functional group of aerial-stem hemiparasitic plants in the plant order 

Santalales. Most misdetoes selectively parasitise trees and shrubs in forests and 

woodlands (Calder & Bernhardt 1983) and it has been demonstrated that the arboreal 

parasitic habit has arisen independently five times, in the families Misodendraceae, 

Loranthaceae, Santalaceae, ‘Santalaceae’ (Amphorogyneae) and Viscaceae (Vidal- 

Russell & Nickrent 2008). Watson (2001) concluded that misdetoes represent a critical 

keystone resource in these habitats worldwide because they support high biodiversity 

and facilitate numerous complex ecological interactions, including pollination, 

frugivory and herbivorv. Misdetoes have also been found to increase ground litter 

mass and plant productivity, measured in terms of understorey plant biomass (March 

& Watson 2007). 

Although birds and to some extent mammals use misdetoes as a resource for food 

and breeding sites (Reid 1987; Watson 2001; Cooney et al. 2006), there has been 

comparatively litde research on insect communities associated with misdetoes world¬ 

wide. Perusal of the literature indicates that, at the species level, insects regularly feed 

on misdetoes, including the nectar of flowrers (Barlow 1966; Stevens & Hawksworth 

1970; Bernhardt & Calder 1981; Nickrent 1988), the woody tissue of the haustorium, 

stems or dead branches (Miller  & Keen 1960; Room 1972a; 1 lawkeswood & Peterson 

1982; Whittaker 1984, De Baar 1985a,b; Williams 1985; McMillan 1987; Common 

1990), and the leaves, non-woody stems, fruits or flowers (Watt & Casimir 1962; 

Stevens & Hawksworth 1970; Room 1972a; Whittaker 1984; Scharpf & Koerber 1986; 

De Baar 1985a,b; Common 1990; van Harten 1996; Patrick & Dugdale 1997; Taylor 

1999; Braby 2000, 2005, 2006; Lane & Edwrards 2005; Braby & Nishida 2007). In 

addition, they may serve as effective pollinators of mistletoes (Barlow 1966; Stevens & 

Hawksworth 1970; Penfield et al 1976; Bernhardt & Calder 1981; Kelly et al. 1996; 

Ladley et al 1997; Nickrent 1988; Robertson et al 2005). Moreover, several 

observations suggest complex interactions amongst the various insect feeding guilds. 

For example. Room (1972b) noted that w?ood borers (Coleoptera and Lepidoptera) 
provide holes for mealy bugs (Homoptera), which are attended by large numbers of 

ants (Hymenoptera) to obtain honeydew; the ants in turn appear to provide 

protection to the misdetoe by reducing attack from insect herbivores. In Australia, 

wood-boring beedes such as the weevil Metyrus albicollis Germ. (Coleoptera) create 

tunnels inside the haustorium and woody branches of mature clumps of Aniyema (De 

Baar 1985a,b; McMillan 1987); ants of the genus Vroggattella, Crewatogaster and others 

such as Tetraponera frequendv establish nests inside the tunnels, which are also used as 

convenient shelters by larvae of some species of Qgyris (Lepidoptera) wrhich have an 

obligate relationship with the ants (Eastwood & Fraser 1999). 

Interestingly, while there are numerous examples in the literature of insects feeding 

obligatorily on misdetoes, there are relatively few cases of lineages radiating adaptively 

on misdetoes. For example, in the Lepidoptera only four instances of adaptive 
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radiation are known: in the subtribe Aporiina (Pieridae) from Africa, Asia-Australia 

and South America (Braby 2005, 2006; Braby & Trueman 2006; Braby tt al. 2007; 

Braby & Nishida unpubl.); in the Hesperocbahs group of the tribe Anthocharidini 

(Pieridae) from Central and South America (Braby & Nishida 2007); in the tribe 

Iolaini (Lycaenidae) from Africa (Congdon & Bampton 2000); and in the tribe Ogvrini 

(Lycaenidae) from Australia (Braby 2000). 

While there is clearly an extensive literature documenting insects and other 

invertebrates associated with mistletoes, there are remarkably few studies that describe 

the invertebrate assemblage as a whole and the spatial and/or temporal patterns of 

these communities for particular mistletoe taxa. A detailed review of Arceutbobium 

(Viscaceae) in the western USA and Mexico indicated a rich and varied arthropod 

fauna associated with the genus (Stevens & Haw*kswrorth 1970). Room (1972a) 

undertook a comprehensive survey of the invertebrate fauna associated with 

Tapinanthus bangwensis (Engl. & K.Krause) Danser (Loranthaceae) from Ghana in 

tropical West Africa and recorded over 610 species from the branches and leaves, and 

more than 440 species from the haustorium and hypertrophied host tissue, 

representing 18 orders from the Crustacea, Insecta, Arachnida and Mollusca. In terms 

of species richness, the most dominant orders sampled were Araneae, Hymenoptcra, 

Coleoptera, Lepidoptera and Hemiptera. Whittaker (1984) provided a detailed 

inventory of the temperate insect fauna on Pboradendron tomentosum Engelm. ex A.Gray 

(Viscaceae) from southern Texas, USA; between spring and mid autumn 43 species of 

insects were recorded, of which the Hymenoptcra, Hemiptera, Coleoptera and 

Lepidoptera wrere the most diverse. 

The aim of this study is to describe the spider and insect assemblage associated with 

the tropical mistletoe Decaisnina signata (F.Muell. ex Benth.) Tiegh. (Loranthaceae) 

within a suburban landscape during the late dry-season, as part of a broader survey to 

document the invertebrate diversity' of misdetoes in northern Australia. In addition, 

we compare the composition and taxonomic richness of invertebrates recorded on 

D. signata parasitising two distandy related host tree genera (Planchonia vs. Alstonia) and 

two closely related host tree species (Alstonia scbolaris vs. A. actinopbylld) to establish if  

host tree affects diversity'. If  it is assumed that misdetoe invertebrate diversity is 

dependent on the host tree, then our prediction is that the mistletoe-invertebrate 

fauna will  be different among host tree categories because the hosts are distandy 

related taxonomically and dierefore likely to support different faunas that colonise or 

interact widi misdetoes. Moreover, Alstonia (Apocvnaceae) has milky white sap 

containing alkaloids and odier toxic compounds (e.g. Arulmozhi ef al. 2007; Oigiangbe 

et al 2007), which are known to deter insect herbivores and sap-suckers, so one might 

predict that such host trees harbour a more specialised fauna that colonises mistletoes 

compared with that associated with Planchonia (Lecythidaceae), which does not contain 

these compounds. 
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Methods 

Study species 

Decaisnina includes six species in the monsoon tropics of northern Australia, of which 

four occur in the Northern Territory (NT). Decaisnina signata (Figure 1) is endemic to 

the Kimberley, WA, and the Top End of the NT (Barlow 1993), and is the 

predominant species of the genus in the Darwin region (Dunlop et al 1995). It has 

spectacular, showy red flowers and occurs in both monsoon forests and savanna 

woodlands (Barlow 1993). It is well established in suburban areas of Darwin (Figure 

1) where its main hosts are species of Planchonia, Alstonia, Eucalyptus, Melaleuca and 

Sy^ygiun/ (Clark Sc Traynor 1987); Barlow (1993) and Downey (1998) listed several 

other native genera on which it grows. Decaisnina signata is the most abundant 

misdetoe within Darwin, in part due to its ability to parasitise a wide range of both 

native and ornamental host trees. It is known to serve as a larval food plant for the 

butterflies (Lepidoptera) Scarlet Jezebel Delias argenthona (Fabricius) (Wade 1978), 

Northern Pencil-blue Candalides margarita gylberti Waterhouse (Samson Sc Wilson 1995) 

and Northern Purple Azure Ogyris %osine (Hewitson) (Braby 2000). For these reasons, 

D. signata was chosen as our preferred study species. 

Figure 1. (A) Suburban habitat in Darwin, NT, showing the ornamental host tree 

A Is ton ia scholaris supporting clumps of the study misdetoe Decaisnina signata; (B) habitus 

of D. signata parasitising A. scholaris (inset photo shows inflorescence of D. signata). 
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Study area and host trees 

In order to describe the invertebrate fauna associated with Decaisnina signata,, 38 sites 

(i.e. mistletoe clumps) were selected throughout the suburbs of Darw'in, N 1 (Figure 

2). All  sites were located either in urban areas (usually on road nature strips or near 

footpaths), or in suburban parklands associated with cleared or disturbed vegetation. 

No sites were located in areas comprising natural vegetation, although several were 

close to small patches of natural habitat. 

Figure 2. 

Map of study 

area showing 

sampling sites 

in the Darwin 

district (inset 

map shows 

Northern 

Terri tory and 

location of 

Darwin). 

Host trees for 

each site are 

indicated in 

the legend. 

Darwin 

Legend 

Urban areas 

Cleared vegetation 

Natural vegetation 

-Main roads 

Alstoma actinophylla 

• Alstoma scholaris 

■ Planchonia careya 

Darwin 
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To test for host tree effects on invertebrate diversity, misdetoe clumps parasitising 

two distantly related host genera were sampled: Cocky Apple Planchonia careya 

(F.Muell.) R.Knuth (Lecythidaceae) (18 sites) and Alstonia (Apocvnaceae) (20 sites). 

Within the Alstonia host trees, two species were compared: Cheesewood or Milky  

Bean A. scbolaris (L.) R.Br. and Milkwood A. actinophylla (A.Cunn.) K.Schum., with ten 

mistletoe sites sampled for each. Planchonia careya naturally occurs widely across the 

monsoon tropics of northern Australia and is a common understorey tree growing 

4-10 m high in open-forest and woodland. It is semi-deciduous or deciduous during 

the mid dry-season (July-August) when trees frequently shed most or all of their 

leaves. Of the two species of Alstonia in the Darwin region, only A. actinophylla is 

indigenous; it occurs naturally in open-forest and woodland, but also in monsoon 

forest (semi-deciduous coastal monsoon vine-thicket, monsoon vine-forest), where it 

grows as a large evergreen tree 15-20 m high with a spreading crown and thick short 

trunk. Alstonia scholaris was introduced to the Darwin region as an ornamental street 

tree (Figure 1); it occurs naturally in Queensland where it grows as an emergent tree 

(>10 m) in rainforest. All  three host trees are readily parasitised by D. signata,, and on 

some trees, especiallv plants growing in more exposed situations or the non- 

indigenous species A. scholaris, infestations may reach exceedingly high levels. 

Sampling 

Invertebrates were sampled during the late dry-season (September-October 2006) 

between 0600-1100 h (i.e. during calm, dry, sunny weather). The number of mistletoe 

clumps on each host tree was recorded. Where two or more mistletoe clumps 

occurred on a host tree, only one clump was sampled, generally that which was 

accessible by foot or ladder. Mistletoe clumps touching the ground or those near the 

canopy of the host tree were not sampled to avoid possible loss of invertebrates 

during sampling. Because of the potential negative impact of Green Tree-ants 

Oecophylla smaragdina (Fabricius) (Hymenoptera: Formicidae) on invertebrate diversity, 

clumps with colonies of this predacious ant species were avoided. 

Clumps of mistletoes were enclosed in 75 L plastic bags, removed from the host tree 

at their point of attachment, weighed, and then transferred to a freezer (-10°C). After 

24 h, invertebrates were removed from each sample as follows. Branches were broken 

into approximately 250 mm lengths, placed in a 5 L container and submerged in 

150 mm of water. Leaves, flowers, fruits, buds and stems were inspected visually for 

invertebrates, with the woody parts broken into 50 mm lengths to isolate borers. The 

collection bag was then submerged in a separate container of water to remove 

additional invertebrates. Contents of both containers were filtered through a 

0.025 mm polyester sieve; after filtering, invertebrates were flushed with 70% ethyl 

alcohol. All  invertebrates were removed, sorted and preserved in vials with 70% ethyl 

alcohol. 
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The destructive sampling method was found preferable over other methods. An 

alternative method of enclosing the mistletoe clump inside a large plastic bag and 

spraying with pyrcthrum-based insecticide and shaking the foliage to dislodge 

invertebrates (A. Burns, pers. comm.), was not suitable as it caused larvae and other 

small insects to adhere to the leaves and stems. Difficulty  was experienced in 

identifying Lepidoptera larvae to family level regardless of the sampling method 

adopted. To overcome this, samples of larvae (where sufficient duplicates were 

available) were kept alive and reared to adulthood in small plastic containers (160 mm 

x 110 mm x 80 mm) supplied with fresh cuttings of leaves and/or flowers. 

Invertebrates (spiders and insects) were identified to the level of order and family. 

With the exception of thrips (Thysanoptera), moths and butterflies (Lepidoptera) and 

ants (Hymenoptera: Formicidae), lower taxa were not identified to species level, but 

were distinguished on the basis of clear morphological differences (i.e. 

morphospecies). The following works were consulted to assist with routine 

identifications: CSIRO (1991), Rentz (1996), Andersen (2000), Braby (2000), Brunet 

(2000), Cassis et al. (2002), Lawrence at al. (2000), Raven et al (2002), Zborowski and 

Storey (2003), Home and Crawford (2005) and Grimaldi and Engel (2005). 

Statistical analyses 

Species accumulation curves and species richness were estimated using Version 8.0.0 

of the Estimates software program (Colwell 2006). The program computes the 

expected species richness (Mao Tau) for a given set of samples, as well as the 

incidencc-bascd coverage estimate (ICE), to determine total species richness. 

To detect patterns of similarity in species composition of invertebrates among 

mistletoe clumps growing on different host trees (three levels), multivariate analysis 

employing an ordination method based on semi-strong hybrid multidimensional 

scaling (SSH MDS) was implemented using PATN v3.03. Bray-Curtis similarity 

measure was applied to the data set (species by sites) to create a symmetric diagonal 

matrix of similarities, analogous to correlation coefficients ranging from 0 (indicating 

that sites are different, with no species in common) to 1 (sites are similar, with all 

species in common) with a cut-off point of 0.01. The approach of using 

presence/absence data was preferred over using abundance data because of the high 

proportion of singletons and the fact that abundances varied greatly between life 

stages within species (e.g. larvae/nymphs were more abundant than adults). The three 

host tree levels tested were Planclmnia careya, Ahtonia scholans and A. actinopkylla. 

Taxonomic richness was analyzed at two levels, species and family, using Stata v8.2. 

Parametric methods were used because species and family richness across sites were 

both found to be normally distributed (Shapiro-Wilk W test). Initial inspection of the 

data revealed that taxonomic richness was positively related to plant biomass (i.e. 

fresh weight) so mistletoe weight was included to control for biomass. Therefore, to 

test for possible differences among invertebrates on mistletoe clumps growing on 
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different host trees, taxonomic richness (dependent variable) was analysed using one¬ 

way analysis of covariance (ANCOVA), with MISTLETOE WEIGI IT as the 

covariate. For each level of taxonomic richness, two analyses were performed on the 

independent variable host tree, each with two categories. First, host tree was analysed 

at the generic level HOST TREE GENERA, with the two categories being Planchonia 

and Alstonia. Second, within A 1st on ia, host tree was analysed at die specific level 

HOST TREE SPECIES, with two categories: A. scholaris and A. actinophylla. Because 

of the small sample sizes (only 10 samples for each category of HOST TREE 

SPECIES treatment were tested), a stringent standard for testing of significance 

(P < 0.01) was adopted, thereby minimising the risk of type I errors. 

Results 

Composition 

Table 1 provides a summary of the higher taxonomic groups at the ordinal and 

familial levels, number of morphospecies and relative abundance, given as the 

percentage site occupancy or frequency of occurrence across sites. A more detailed list 

summarising the species by site data for each sample is given in the Appendix. In 

total, 113 species of invertebrates representing 12 orders and 51 families were 

recorded on Decaisnina signata. An additional nine species from five orders were 

recorded but could not be accurately identified to family level. Hymenoptera 

(29 species, 11 families), Hemiptera (16 species, 8 families), Colcoptera (11 species, 

5 families), Araneae (11 species, 3 families), Thysanoptcra (11 species, 2 families), 

Lepidoptera (9 species, 6 families) and Psocoptera (9 species, 5 families) were 

relatively diverse in terms of taxonomic richness at the species level, whereas 

Neuroptera (3 species, 3 families), Collembola (1 species) and Mantodea (1 species) 

were relatively poor at both taxonomic levels (Table 1). The remaining two orders 

(Diptera, Blattodea) were, by comparison, moderately represented with seven and five 

species, respectively. In terms of relative abundance, the most frequendy sampled taxa 

across sites were Araneae (97%), Hemiptera (92%), Hymenoptera (87%) and 

Lepidoptera (71%). Although Thysanoptera, Coleoptera and Psocoptera were 

relatively species rich, they were not abundant numerically (47%, 45%, 32% 

respectively). In contrast, Blattodea were relatively abundant (66%) but substantially 

less diverse. Diptera (16%), Neuroptera (13%), Collembola (3%) and Mantodea (3%) 

were sampled very infrequently. Hence, in terms of both species richness and relative 

abundance the most dominant groups in our samples were Hymenoptera (especially 

Formicidae), Hemiptera (particularly Miridae), Araneae and Lepidoptera (Table 1). 

Plots of the cumulative number of species against the number of sites sampled give an 

indication of sampling effectiveness and whether all invertebrates were surveyed. 

Figure 3a shows that the accumulation curves were still increasing after 38 samples (all 

sites pooled), with no clear sign of reaching an asymptote. This trend is seen more 



10 Northern Territory Naturalist (2009) 21 Anderson & Braby 

clearly with ICE estimator in which the trajectory of the curve has not levelled off 

after the 38 samples, with a minimum mean estimated total species richness of 229 

(Figure 3b). These estimates strongly indicate that the late dry-season invertebrate 

fauna was not fully surveyed, and that our overall sample represented about 49% of 

the total fauna. Despite these limitations, ordination of sites according to host tree 

genera and host species showed no clear separation of the data (Figure 4), indicating 

that the invertebrate composition was not significantly different among the host 

treatments. 

Table 1. Taxonomic composition of invertebrates recorded at the ordinal and familial 

level on Decaisnina signata. For each taxonomic level, the number of morphospecies 

and relative abundance (% sites occupied, n — 38) are also given. See Appendix for 

further details. 

Order Family No. of species % sites occupied 

Araneae Salticidae 7 50.0 
Tetragnathidae 2 7.9 
Heteropodidae 1 2.6 
Unplaced 1 97.4 

Total 11 97.4 
Collembola Entomobryidae 1 2.6 
Blattodea Blattellidae 5 65.8 
Mantodea Mantidae 1 2.6 
Psocoptera Pachytroctidae 1 2.6 

Caecliidae 1 5.3 
Ectopsocidae 2 10.5 
Archipsocidae 1 2.6 
Philotarsidae 1 2.6 
Unplaced 3 26.3 

Total 9 31.6 
Thysanoptera Thripidae 4 15.8 

Phlaeothripidae 7 47.4 
Total 11 47.4 

Hemiptera Aphididae 1 10.5 
Pseudococcidae 1 13.2 
Cicadellidae 2 31.6 
Tropiduchidae 1 15.8 
Flatidae 3 7.9 
Miridae 6 81.6 
Tingidae 1 2.6 
Pentatomidae 1 7.9 

Total 16 92.1 
Diptera Culicidae 1 2.6 

Ceratopogonidae 3 7.9 
Cecidomyiidae 1 2.6 
Sciaridae 1 2.6 
Sphaeroceridae 1 2.6 

Total 7 15.8 
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Table 1 continued 

Order Family No. of species % sites occupied 

Coleoptera Curculionidae 3 7.9 
Scolytidae 1 5.3 
Silvanidae 1 5.3 
Phalacridae 1 5.3 
Coccinellidae 2 15.8 
Unplaced 3 10.5 

Total 11 44.7 

Neuroptera Mantispidae 1 2.6 
Hemerobiidae 1 2.6 
Chrysopidae 1 7.9 

Total 3 13.2 
Lepidoptera Psychidae 2 5.3 

Immidae 1 13.2 

Pyralidae 1 28.9 
Geometridae 1 2.6 
Pieridae 1 2.6 
Lycaenidae 2 5.3 
Unplaced 1 31.6 

Total 9 71.1 

Hymenoptera Formicidae 11 68.4 
Chalcididae 1 2.6 
Pteromalidae 1 7.9 
Encyrtidae 4 13.2 
Agaonidae 1 7.9 
Scelionidae 4 34.2 
Aphelinidae 1 13.2 
Braconidae 2 10.5 

Bethylidae 1 2.6 
Eulophidae 1 2.6 
Elasmidae 1 2.6 

Unplaced 1 7.9 
Total 29 86.8 

Taxonomic richness 

The frequency distribution of species richness (Figure 5a) and family richness (Figure 

5b) across sites indicated that the number of invertebrate species sampled per site 

varied from 3 to 17 (x = 10.3 ± 3.85 s.d.), while the number of families sampled 

varied from 2 to 12 (x = 6.8 ± 2.63 s.d.). Variation in taxonomic richness was found 

to be unrelated to the number of misdetoe clumps on host trees for both invertebrate 

species and families (r = 0.09, d.f. = 36, P > 0.10), but was positively correlated with 

misdetoe biomass (Figure 6). There was a highly significant linear relationship 

between mistletoe fresh weight and richness of both species (P = 16.30, d.f. = 36, 

P = 0.0003) and families (F= 11.68, d.f. = 36, P = 0.0016). 
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Mistletoe host tree had no effect on taxonomic richness, with similar numbers of 

invertebrate species (Figure 7a) and families (Figure 7b) recorded among the host tree 

categories. One-way ANCOVA, with MISTLETOE WEIGHT as the covanate, 

revealed no significant difference between invertebrate species richness on the HOS1' 

TREE GENERA Planchonia (x = 9.2 ± 1.06 s.e.) and Alstoma (x = 11.0 ± 0.80 s.e.) or 

between the HOST TREE SPECIES Alstoma scbolaris (3c = 10.5 ± 1.49 s.e.) an<J 

A. actinophylia (3c = 11.5 ± 0.69 s.e.) at the P < 0.01 level (Table 2). Similarly, riiere was 

no significant difference in invertebrate family richness between Planchonia (x = 5.5 + 

0.62 s.e.) and Alstoma (3c = 7.2 ± 0.60 s.e.), or between Alstoma scbolaris (x = 7.3 + 

1.07 s.e.) and A. actinophylia (x = 7.0 ± 0.60 s.e.) (Table 3). 

Figure 3. 

Species accumulation curves 

and total predicted species 

richness curve based on 

incidence-based coverage 
estimator in relation to the 

number of mistletoes 

sampled (all sites pooled): 

(a) actual cumulative 

number of species ( ) 

and modeled species 
accumulation (Mao Tau) 

(• ); (b) cumulative 

incidence-based coverage 
estimate (ICE). 
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H Planchonia careya 

# Alstonia scholaris 

O Alstonia actinophylla 

Dimension 1 

Figure 4. Multidimensional scaling ordination plot showing invertebrate composition 

associated with mistletoes parasitising three different host trees. Points represent 

Bray-Curtis similarity values based on presence-absence data (see Appendix for data). 
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Figure 6. Relationship between invertebrate taxonomic richness and mistletoe fresh 

weight (all sites pooled): (a) species; (b) families. Regression equations: y = 0.0035x 4 

5.97 (/ = 0.31, n = 38) for species richness; y = 0.0021 x 4- 3.84 = 0.24, n = 38) for 
family richness. 
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■ Planchonia • A. scholaris 

□ Alstonia O A. actinophylla 

18 20 10 10 

Mistletoe host tree 

Figure 7. Invertebrate taxonomic richness (mean ± s.e.) recorded on misdetoe 

clumps parasitising different host tree genera (Planchonia, Alstonia), and different host 

tree species {Alstonia scholaris, A. actinophylla): (a) species richness; (b) family richness. 

Sample sizes are given above data points. 
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Table 2. One-way analyses of covariance of host tree genera (Planchonia, Alstonia) and 

host tree species (Alstonia scholaris, A. actinophylla) on invertebrate species richness ̂

with mistletoe weight as covariate. 

Source of variation d.f. MS F P 

HOST TREE GENERA 1 13.6434 1.57 0.2183 
MISTLETOE WEIGHT 1 98.1904 11.32 0.0019 
Error 35 8.6727 

HOST TREE SPECIES 1 30.5274 4.79 0.0437 
MISTLETOE WEIGHT 1 55.6251 8.73 0.0093 
Error 17 6.3687 

Table 3. One-way analyses of covariance of host tree genera (Plancbonia, Alstonia) and 

host tree species (,Alstonia scholaris, A. actinophylla) on invertebrate family richness, with 

mistletoe weight as covariate. 

Source of variation d.f. MS F P 

HOST TREE GENERA 1 13.8706 3.46 0.0715 
MISTLETOE WEIGHT 1 31.4828 7.86 0.0083 
Error 35 4.0073 

HOST TREE SPECIES 1 2.3407 0.51 0.4871 
MISTLETOE WEIGHT 1 27.8229 6.01 0.0260 
Error 17 4.6263 

Discussion 

A relatively diverse dry-season invertebrate fauna, comprising 113 morphospecies 

from 51 families representing 12 different orders, was recovered from the tropical 

mistletoe Decaisnina signata in the suburbs of Darwin. Moreover, the species 

accumulation curves and estimated total species richness, according to the incidence- 

based coverage estimator (Figure 3), show that the number of species is still 

increasing, indicating that our faunal inventor)' was incomplete. The ICE mean 

estimate was 229 species, which implies that only about half of the total fauna was 

sampled (i.e. a further 116 species are likely to occur on the mistletoe). These data are 

consistent with limited previous studies reported elsewhere in the world (Stevens & 

Hawks worth 1970; Room 1972a; Whittaker 1984) that show that mistletoes in both 

the Loranthaceae and Viscaceae support high numbers of invertebrates. The studies 

are not striedy comparable, because of differences in sampling intensity, seasonal 

timing and spatial area covered, but do serve to highlight the relatively large number 
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and broad range of spiders and insects associated with misdetoes in both temperate 

and tropical habitats. Nevertheless, there are some striking similarities in invertebrate 

taxonomic composition. Hymenoptera, Hemiptera, Araneae and Lepidoptera were 

relatively dominant in our samples in terms of both taxonomic richness and relative 

abundance, a finding which is in broad agreement with those of Room (1972a) and 

Whittaker (1984). 

Interestingly, a high proportion of the total species associated with D. signata (53%, 

n - 60) were rare, sampled from only a single site (Appendix), a finding that is similar 

to that of Room (1972a) who found that about two-thirds of all species collected from 

Tapinanthus bangu’ensis from Ghana were singletons. The large proportion of rare 

species associated with these two tropical mistletoes in northern Australia and West 
Africa parallels the general trend documented for tropical forests in which singletons 

are characteristic of herbivorous insect communities, often representing more than 

half of the species, even in large samples (Novotny & Basset 2000 and references 

therein). A proportion of these ‘rare’ taxa associated with Decaisnina are probably 

transient (incidental) or represent an artefact due to insufficient sampling. However, 

other rare species may either be distributed in relatively low population density across 

the suburban landscape (suffusive rarity) or have a highly clumped pattern of 

distribution that is patchier than the spatial distribution of the mistletoe (Calder & 

Bernhardt 1983). Alternatively, some rare species may be diffusively rare (Schoener 

1987; Novotny & Basset 2000), comprising generalists that rarely feed on D. signata 

but which are more abundant across other more preferred host plant species, or 

specialists that occasionally use D. signata but are more numerous on other mistletoe 

species. 

Our preliminary survey from the NT of northern Australia and surveys carried out in 

Ghana (Room 1972a), Pakistan (Baloch & Ghani 1980) and southern Texas, USA 

(Whittaker 1984) suggest that insects and other invertebrates associated with 

mistletoes can be divided into six broad functional categories: transient, facultative 

generalists, obligate specialists, predators/parasitoids, scavengers/detritivores and 

mutualistic associates. Transient species are incidentals or ‘tourists’ that come into 

contact with mistletoes irregularly and are not dependant on the mistletoe or its 

associated fauna as a resource. Facultative generalists are those species that feed upon 

or use the plant in some way (c.g. ants utilising tunnels made by wood boring larvae), 

but are not necessarily dependent on the mistletoe for survival because they can utilise 

resources from other plant families. Obligate specialists are those species that feed 

exclusively on mistletoes (i.e. wood, leaves, flowers, fruits) and are dependant on the 

resource for survival. Predators and parasitoids include those species that prey on (c.g. 

spiders) or parasitise (e.g. wasps) other insects on mistletoes, while scavengers and 

detritivores include species which feed on dead organic matter. Mutualistic associates 

include participants in beneficial interactions such as ants attending scale insects for 

honeydew. 
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In general, the basic natural history of the monsoon invertebrate fauna of northern 

Australia is too poorly known to assign functional roles to most invertebrates in our 

samples. Nonetheless, some comments on the ecology of the fauna are noteworthy. 

The Hymenoptera identified in this study provide a substantial list that is 

fundamentally different from that recorded from the dwarf mistletoes Arceuthobium 

(Stevens & Hawksworth 1970; Whittaker 1984), with numerous parasitic and 

mutualistic associates present. For example, the site with Chalcididae, a known 

endoparasite ot Lepidoptera larvae, was the same site that contained a cohort of Delias 

larvae (Pieridae). The wasp families Encyrtidae, Scelionidae, Aphelinidae, Braconidae, 

Eulophidae, Elasmidae and Bethylidae probably parasitise Miridae and lepidopteran 

larvae (G. Brown, pers. comm.). Agaonidae arc Virus (Moraceae) specialists, but in this 

study one species was recorded at three different sites, all in flower, with no Ficus 

growing nearby; the appearance of this wasp at more than one site suggests that it was 

not a transient species. The three species of Tropiduchidae and Cicadellidae 

(Hemiptera), when present, were recorded in high numbers with all life stages present, 
indicating evidence of breeding. Among the Lepidoptera, several taxa from the 

families Pieridae and Lycaenidae are known obligate mistletoe specialists (Braby 2000), 

and our breeding records for the Immidae and Geometridac have not previously been 

recorded for the Loranthaceae (see Common 1990 for review of the Australian fauna). 

Among the Coleoptera, three unidentified species of Curculionidae were recorded 

each from different sites, but none comprised the ubiquitous mistletoe weevil Metyrus 

albicollis which resembles droppings of the Mistletoe Bird Dicaeum hirundinaceum 

(Shaw). Whittaker (1984) recorded Coccinellidae feeding on aphids (Aphididae) on 
Arceuthobium, but in this study Coccinellidae were sampled at six sites, with aphids 
present at only two of these. Chrysopidae (Neuroptera) larvae also feed on aphids as 

well as Cicadellidae, but no aphids or cicadellids were present at the respective sites. 

Taxonomic richness was positively related to mistletoe fresh weight, indicating that 

larger clumps supported higher diversity. In contrast to expectations, there was no 

effect of host tree on the mistletoe invertebrate fauna. There are two alternative 

explanations for the lack of a clear host effect. First, the mistletoe invertebrate fauna 

may be different from that of the host tree with little or no overlap between the two 

groups; this hypothesis carries the prediction or implication that the mistletoe 

invertebrate fauna is specialised and independent of its host tree. Second, the 

misdetoe invertebrate fauna may be similar or even identical to that of the host tree, 

with the implication that misdetoes support a widespread generalised fauna that is also 

shared between taxonomically different host trees. Both hypotheses require further 

testing and comparative analysis, but consideration of the discussion above, host 

affiliations among the Lepidoptera sampled, and chemical differences among the host 
tree genera, implies that the first hypothesis is more likely. 
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In Australia, mistletoes are often considered by local authorities as a weed due to high 

levels of infestation in non-natural (suburban and semi-rural) landscapes, and are 

selectively removed by physical or chemical means as part of the eradication process 
(Minko & Fagg 1989; Fagg 1997). In the NT, for example, the Darwin City’ Council 

regards misdetoes as a weed and they currently remove them when they are found, 

despite the fact that all mistletoes in Australia are native and most are endemic to the 

continent (Barlow 1984). However, such praedees should be discouraged given the 

importance misdetoes play in the ecosystem as a keystone resource (Watson 2001), 

the complex ecological interactions they facilitate (Room 1972b; Whittaker 1984; 

De Baar 1985b) and the wide range of invertebrates that they support, some of which 

are obligate specialists. In suburban landscapes such as Darwin, it is assumed that 

mistletoes fulfil  a similar ecological role in maintaining local biodiversity. The 

suburban landscape of Darwin, compared with other capital cities in Australia, is 

rather unusual in that it has a low population density’ (c. 114,000 people, including its 

satellite city Palmerston and the outer rural area, distributed over an area of 
approximately 926 km2) and a relatively high proportion of natural vegetation within 

the urban matrix. In Queensland, the Brisbane City Council has recendy begun 

implementing better practices of mistletoe management in suburban parks and street 

trees for the maintenance of biodiversity in the urban environment (Moss 2006). 
These practices include a moratorium on mistletoe removal and the protection of 

specific host trees that Brisbane residents bring to the Council’s attention, and such 

practices ought to be adopted by other cities. 

Acknowledgements 

We thank Margaret Schneider, Myron Zalucki, Robert Eager and Alexander Roberts 

for critically reading drafts of the manuscript, and David Watson and Anna Burns for 

their interest, help with methodology’ and for constructive comments on the 

manuscript. Robert Eager and Ian Cowie provided invaluable advice on misdetoe 

taxonomy, misdetoe host trees and habitats in the Darwin area, Matthew Stevens 

assisted with statistical analyses, Trevor Chapman with field work, and Nina Kurucz 

and Raelene Whitters with equipment. We are especially grateful to Robert Eager for 

access to his extensive library pertaining to the scientific literature on misdetoes and 

for his support and interest during the study. Sincere thanks are extended to the 

following for specialist help with identification of particular invertebrate groups: 

James Walker (Blattodea), Laurence Mound (Thysanoptera), Deanna Chin and Tom 

Weir (Hemiptera), Glenn Beilis (Heteroptera), Ted Edwards and Peter McQuillan 

(Lepidoptera), Graham Brown (Hymenoptera) and Alan Andersen (Formicidae). This 

study formed part of the requirement for a Master of Entomology through The 

University of Queensland by SJA. 



20 Northern Territory Naturalist (2009) 21 Anderson & Braby 

References 

Andersen A.N. (2000) The Ants of Northern Australia. A Guide to the Monsoonal Fauna. CS1RC ) 
Publishing, Melbourne. 

Arulmozhi S.t Mazumder P.M., Ashok P. and Sathiya N. (2007) Pharmacological activities of 

A Istonia scho laris linn. (Apocynaceae) - A review. Pharmacognosy Reviews 1, 163-170. 

Baloch G.M. and Ghani M.A, (1980) Parasitic weed plants and their natural enemies with 

special reference to Pakistan - a review. Pakistan Journal of Forestry 30, 2-13. 

Barlow B.A. (1966) A revision of the l^oranthaceae of Australia and New Zealand. Australian 
Journal of botany 14, 421-499. 

Barlow B.A. (1984) Loranthaceae. In Flora of Australia. Volume 22, Rhi^ophorales to Celastrales (ed. 

George A.S.), pp. 68-131. Australian Government Publishing Service, Canberra. 

Barlow B.A. (1993) Conspectus of the genera Amylotheca, Cyne, Decaisnina, 1 Mmpas, Ijpeostegeres^ 

and / joxanthera (Loranthaceae). blurnea 38, 65-126. 

Bernhardt P. and Calder D.M. (1981) The floral ecology of sympatric populations of Amyemet 

pendulum and Anryema quandan% (Loranthaceae). bulletin of the Torre)' botanical Club 108, 213- 
230. 

Braby M.F. (2000) butterflies of Australia. Their Identification, biology and Distribution. CSIRO 
Publishing, Melbourne. 

Braby M.F. (2005) Afrotropical misdetoe butterflies: larval food plant relationships of Mylotbris 

Hiibner (Lepidoptera: Pieridae). Journal of Natural History' 39, 499-513. 

Braby M.F. (2006) Evolution of larval food plant associations in Delias Hiibner butterflies 

(Lepidoptera: Pieridae). Entomological Science 9, 383-398. 

Braby M.F. and Nishida K. (2007) The immature stages, larval food plants and biolog)' of 

Neotropical misdetoe butterflies (Lepidoptera: Pieridae). I. the Flesperocharis group 
(Anthocharidini). Journal oj'the / Mpidopterists* Society 61, 61-75. 

Braby M.F. and Trueman J.W.H. (2006) Evolution of larval host plant associations and adaptive 

radiation in pierid butterflies. Journal of Evolutionary biology 19, 1677-1689. 

Braby M.F., Pierce N.E. and Vila R. (2007) Phvlogeny and historical biogeography of the 

subtribe Aporiina (Lepidoptera: Pieridae): implications for the origin of Australian 

butterflies, biological Journal of the / Jnnean Society 90, 413-440. 

Brunet B. (2000) Spideruatch: A Guide to .Australian Spiders. Reed New Holland, Sydney. 

Calder D.M. and Bernhardt P. (eds) (1983) The biology of Mistletoes. Academic Press, Sydney. 

Cassis G., Flemons P., Elliott M.G., Donnelly A., Lane J., Bulbert J., Smith M., Reid C.A.M., 

Harris R., Carter G. and Silveira R. (2002) FaunaKeys - Key to the 1 leteroptera of Australia. 

Available from URL, http://\vww. faunanet.gov.au/faunakeys/hcteroptera_intro.htrn 
[Accessed January' 2007] 

Clark M. and Fray nor S. (1987) Plants of the Tropical 11 ood/and. Conservation Commission of the 
Northern Territory, Darwin. 

Colwell R.K. (2006) Estimates: Statistical Estimation of Species Richness and Shared Species from 

Samples, 1 ersion 8.0.0. Available from URL, http://purl.oclc.org/estimates [Accessed 22 
February 2008] 

Common I.F.B. (1990) Moths of Australia. Melbourne University Press, Melbourne. 

Congdon C. and Bampton 1. (2000) Provisional notes on the foodplants of the lolaini 

(Lepidoptera, Papilionoidea, Lycaenidae). Metamorphosis 11, 33-42. 

Cooney S.J.N., Watson D.M. and Young J. (2006) Mistletoe nesting in Australian birds: a 
review. Emu 106, 1-12. 



Tropical mistletoe invertebrate diversity Northern Territory Naturalist (2009) 21 21 

CSIRO (1991) The Insects of Australia. A Textbook for Students and Research Workers. (2nd edition). 

Melbourne University Press, Melbourne. 

Dc Baar M. (1985a) The complex mistletoe-insect community'. The Entomological Society of 

Queensland News bulletin 13, 100-102. 

Dc Baar M. (1985b) The ant, the butterfly and the misdetoe. Geo 7(2), 84-95. 

Downey PO. (1998) An inventor)' of host species for each aerial misdetoe species 

(Loranthaceae and Viscaceae) in Australia. Cunninghamia 5, 685-720. 

Dunlop C.R., Leach G.J. and Cowie LD. (1995) Flora of the Darwin Region. Vol 2. Conservation 

Commission of the Northern Territory, Darwin. 

Eastwood R.G. and Fraser A.M. (1999) Associations between lycaenid butterflies and ants in 

Australia. Australian Journal of Ecology 24, 503-537. 

Fagg P.C. (1997) Misdetoe in forest management in Victoria. Victorian Naturalist 114, 112-115. 

Grimaldi D. and Engel M.S. (2005) Evolution of the Insects. Cambridge University' Press, New 

York. 
Hawkeswood T.J. and Peterson M. (1982) A review of larval host records for Australian jewel 

beedes (Coleoptera: Buprestidae). Victorian Naturalist 99, 241-251. 

Horne P.A. and Crawford D.J. (2005) Backyard Insects. (2nd edition). Melbourne University 

Press, Melbourne. 

Kelly D., Ladley J.J., Robertson A.W., Edwards J. and Smith D.C. (1996) The birds and the 

bees. Nature 384, 615. 

Ladley J.J., Kelly D. and Robertson A.W. (1997) Explosive flowering, nectar production, 

breeding systems and pollinators of New Zealand misdetoes (Loranthaceae). New Zealand 

Journal of Botany 35, 345-360. 

Lane D.A. and Edwards E.D. (2005) The status of Opodiphthera camea (Sonthonnax) and 

Opodiphthera lorantbi (Lucas) (Lepidoptera: Saturniidae) in northern and eastern Australia. 

Australian Entomologist 32, 55-64. 

Lawrence J.F., Hastings A.M., Dallwitz M.J., Paine T.A. and Zurcher E.J. (2000) Beetles of the 

World. CD ROM. CSIRO Publishing, Canberra. 

March W.A. and Watson D.M. (2007) Parasites boost productivity-: effects of misdetoe on 

litterfall dynamics in a temperate Australian forest. Oecologia 154, 339-347. 

McMillan R.P. (1987) Notes on a misdetoe weevil - Metyrus albicollis Germ. Western Australian 

Naturalist 17, 20-21. 

Miller  J.M. and Keen F.P. (1960) Biology and control of the western pine beetle. Miscellaneous Publications 

800. US Department of Agriculture, Washington, DC 

Minko G. and Fagg P.C. (1989) Control of some misdetoe species on eucalypts by trunk 

injection with herbicides. Australian Forestry 52, 94-102. 

Moss ). (2006) Update on Brisbane City' Council misdetoe issue. Butterfly & Other Invertebrates 

Club Inc. Newsletter 43, 9. 

Nickrent D.L. (1988) Ant-Dwarf mistletoe relationships. 7'he Golden Bough 10, 1-4. 

Novotny V. and Basset Y. (2000) Rare species in communities of tropical insect herbivores: 

pondering the mystery of singletons. Oikos 89, 564-572. 

Oigiangbe O.N., Igbinosa l.B. and Tamo M. (2007) Insecticidal activity' of the medicinal plant, 

Alstonia boonei De Wild, against Sesamia calamistis Hampson. Journal of Zhejiang University Science 

B 8, 752-755. 

Patrick B.H. and Dugdale J.S. (1997) Misdetoe moths. In New Zealand's I joranthaceous Mistletoes 

(eds de Lange P.J., Norton D.A.), pp. 125-132. Proceedings of a workshop hosted by the 

Threatened Species Unit, Department of Conservation, Cass, Wellington. 



22 Northern Territory Naturalist (2009) 21 Anderson & Braby 

Penfield F.B., Stevens R.E. and Hawksworth F.G. (1976) Pollination ecology of three Rocky 

Mountain dwarf mistletoes. Forest Science 22, 473-484. 

Raven R.J., Baehr B.C. and Harvey M.S. (2002) Spiders of Australia. Interactive Identification t0 
Subfamily Level CD-ROM. CS1RO & ABRS, Canberra. 

Reid N. (1987) The Mistletoebird and Australian mistletoes: co-evolution or coincidence? Emu 
87, 130-131. 

Rent?. D.C.F. (1996) Grasshopper Country. The Abundant Orthopteroid Insects of Australia. University 

of New South Wales Press, Sydney. 

Robertson A.W., Ladley J.J. and Kelly D. (2005) Effectiveness of short-tongued bees as 

pollinators of apparently ornithophilous New Zealand mistletoes. Austral Ecology 30, 298  ̂
309. 

Room P.M. (1972a) The constitution and natural history of the fauna of the mistletoe 

Tapinantbus bangwensis (Engl. & K. Krause) growing on cocoa in Ghana. Journal of Animal 
Ecology 41,519-535. 

Room P.M. (1972b) The fauna of the mistletoe Tapinantbus bangwensis (Engl. & K. Krause) 

growing on cocoa in Ghana: relationships between fauna and mistletoe. Journal of Animal 
Ecology 41, 611-621. 

Samson P.R. and Wilson D.N. (1995) The life history' of Candalides gilberti Waterhouse 

(Lepidoptera: Lvcaenidae). Australian Entomologist 22, 71-73. 

Scharpt R.F. and Koerber T.W. (1986) Destruction of shoots, flowers, and fruit of dwarf 

mistletoe by grasshoppers in California. Canadian Journal of Forest Research 16, 166-168. 

Schocner T.W. (1987) The geographical distribution of rarity. Oeco/ogia 74, 161-173. 

Stevens R.E. and Hawksworth F.G. (1970) Insects and Mites Associated with Dwarf Mistletoes. 
Research Paper RM-59. USDA Forest Service, Colorado. 

Taylor G.S. (1999) New species of Adgpfia Heslop-Harrison (Hemiptera: Psyllidae) from 

Australian misdetoe (Loran thaceae). Australian Journal of Entomology 38, 66-71. 

van Harten A. (1996) Sitobion lorantbi, a new aphid from Angola living on mistletoes 

(Homoptera: Aphididae). Entomologische Behchten 56, 76-79. 

Vidal-Russell R. and Nickrent D.L (2008) The first misdetoes: origins of aerial parasitism in 
Santalales. Molecular Phylogenetics and Evolution 47, 523-527. 

Wade A. (1978) Notes on the habits of the Northern Jezabel [sic] Butterfly. Northern Territory 
Naturalist 1, 13-14. 

Watson D.M. (2001) Misdetoe - A keystone resource in forests and woodlands worldwide. 
Annual Review of Ecology' and Systematics 32, 219-249. 

Watt M.J. and Casimir M. (1962) The misdetoe brown-tail moth. Agricultural Gazette New South 
Wales 73, 359-361,363. 

Whittaker P L. (1984) The insect fauna of misdetoe (Phoradendron tomentosum, Loranthaceae) in 
Southern Texas. The Southwestern Naturalist 29, 435-444. 

W illiams G. (1985) New larval food plants for some Australian Buprestidae and Cerambycidae 
(Coleoptera). Australian Entomological Magazine 12, 41 -46. 

Zborowski P. and Storey R. (2003) A Field Guide to Insects in Australia. (2nd edition). Reed 
Books, Chatswood. 

Appendix. Data matrix summarising occurrence of taxa across sites. 
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The mistletoe Decaistiina signata 

is common on trees in urban 

Darwin: below right - with 

flower buds and a jumping 

spider, Cosmopbasis sp. 

(Salticidae) (Tissa Ratnayeke); 

below - inflorescence with 

open flowers (Michael Braby). 

* Mistletoe invertebrates: left - the 

day-flying moth Birtbana cleis.; below 

- a butterfly, the Northern Pencil- 

y blue Candalides margarita gilberti. 

£ (Michael Braby) 


